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METHOD OF REMANUFACTURING
CARTRIDGE AND REMANUFACTURED
CARTRIDGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a cartridge detachably
mountable 1n an electrophotographic 1mage-forming appa-
ratus, 1n particular a process cartridge. The electrophoto-
graphic 1mage-forming apparatus 1s an apparatus that forms
an 1mage on a recording medium using an electrophoto-
graphic 1mage-forming system. Examples of the electropho-
tographic 1mage-forming apparatus include an electropho-
tographic copying machine, an electrophotographic printer
(e.g., a laser beam printer and an LED printer), a facsimile
machine, and a word processor. The process cartridge 1s a
cartridge detachably mountable 1n a main body of the
image-forming apparatus, into which charging means,
developing means, cleanming means, and so on, serving as
means of an electrophotographic image-forming process
(heremafter, referred to as a “process means”™) are integrated
with an electrophotographic photosensitive drum.

2. Description of the Related Art

Heretofore, in a conventional electrophotographic image-
forming apparatus using an electrophotographic i1mage-
forming process, a “process cartridge system™ 1s used 1n
which an electrophotographic photosensitive drum (herein-
after, referred to as a photosensitive drum) and process
means acting on the photosensitive drum are integrated into
a process cartridge that 1s detachably mountable 1n the main
body of the electrophotographic 1image-forming apparatus.
Examples of the process cartridge include those integrating
therein a photosensitive drum and at least one of charging
means, developing means, and cleaning means, particularly
at least developing means.

According to the process cartridge system, the mainte-
nance ol the apparatus can be carried out by the user
himself/herselt without an aid of a serviceman, thereby
being capable of remarkably improving operability thereof.
Therefore, the process cartridge system has widely been
used 1n the electrophotographic image-forming apparatuses.

An example of general process cartridges will be
described with reference to FIGS. 23 and 24. A process
cartridge shown in FIG. 23 1s composed of three frame
members: a cleaning frame member 113 1ntegrally support-
ing a photosensitive drum 107, a charging roller (not
shown), and a cleaning blade (not shown); a developing
frame member (not shown) integrally supporting a devel-
oping roller (not shown) and a developing blade (not
shown); and a developer-accommodating frame member
(heremaftter, referred to as a*“toner frame member”) 111
accommodating toner therein. The process cartridge 1s fur-
ther constructed of side covers 190 and 191 covering a drive
gear line (not shown) and so on, on the side surfaces of both
or either of the developing frame member and(or) the toner
frame member. It 1s noted that reference numerals 136 and
138 represent a drum flange and a drum bearing, respec-
tively.

Means of fixing frame members and components, which
1s generally used includes fasteming with screws (bonding 1n
portions X and an area d i FIGS. 23 and 24) and thermal
caulking, 1n addition to resin bonding (fixation by 1njection
ol a molten resin), hot-melts, ultrasonic welding (see e.g., JP
10-20744 A).

Such a process cartridge 1s one using a developer to form
an 1mage on a recording medium. Therefore, a developer 1s
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consumed as 1mages are formed. The process cartridge loses
value 1n use at the time when a developer has been con-
sumed until the image-forming apparatus could not form an
image having a quality that satisfies a user of the 1mage-
forming apparatus.

The related art propose remanufacturing techniques (recy-
cling techniques) for putting, into commercial production
again, process cartridges whose developer has been con-
sumed and which have lost value 1 use (see e.g., JP
2002-328579 A).

However, the related art presents problems described
below. For putting used process cartridges into commercial
production again, components and frame members that have
been consumed or broken are required to be replaced. For
replacing components and frame members, each component
and frame member need to be separated from fixing means
and bonding means. In the case of fixation and bonding with
screws, components and frame members may easily be
removed, refixed, and rebonded. However, easy removal,
refixation, and rebonding can not be performed i a site
where fixing means such as resin bonding or welding 1s
used. Therelfore, 1n order to replace components and frame
members 1n such a site, a rebonding method has been used,
in which a junction or 1ts surroundings 1s(are) broken and a
component or a frame member 1s replaced, followed by
refixation and rebonding by applying an adhesive, a hot
melt, or the like, once again. However, fixing means requir-
ing such a rebonding method 1s less than suilicient from the
viewpoint of material recycling and environment. For
example, a bonding method employing materials such as
adhesives and hot melts different from materials used 1n
frame members (styrene-based resin compositions including
HIPS and other resin compositions) often causes a reduction
in quality, such as a reduction in the mechanical properties
and tlame resistance of the frame members and components
as recycled maternials (materials to be remanufactured).
Moreover, a bonding method employing a base material for
adhesion having a thickness such as a hot melt 1s less than
suflicient 1n terms of positioning accuracy and bonding
strength among components.

By the way, terpene compounds have been known to be
main ingredients ol essential oils obtained by the steam
distillation of mainly plants and to be generally used as
flavors.

On the other hand, the uses of the terpene compounds
other than the foregoing have also been known. For
example, d-limonene, which 1s monoterpene, has a molecu-
lar structure greatly similar to that of styrene and a property
of dissolving polystyrene even at normal temperature, and as

such has been used as a constrictor for styrofoams (see e.g.,
JP 05-263065 A).

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
of remanufacturing a cartridge that can be remanufactured
for recycling, 1s environmentally sound, and can easily be
reworked, that 1s, can be reassembled after a site fixed by
resin bonding, welding, or the like 1s removed, disas-
sembled, and repaired, when defective components and so
on are found after assembly.

Another object of the present mvention 1s to provide a
method of remanufacturing a cartridge capable of providing
a remanuiactured cartridge with high positioning accuracy
of components and high rigidity.

The present 1invention provides a method of remanufac-
turing a cartridge detachably mountable 1n an electrophoto-
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graphic 1mage-forming apparatus body and composed of
styrene-based resin compositions at least in part, character-
ized by including the steps of:

(1) dividing the cartridge into at least two parts; and

(2) bonding at least one of the divided parts with another
one of the divided parts and/or a component other than the
divided parts by use of a terpene solvent. The component
other than the divided parts 1s a component used for forming
the cartridge such as an alternative component used when
the divided parts can not be reused.

In the method of remanufacturing a cartridge of the
present mvention described above, the step of dividing the
cartridge preferably includes dividing the cartridge in-a
portion composed of the styrene-based resin compositions.

Alternatively, 1n the present invention, 1t 1s preferable that
at least one of the styrene-based resin compositions which
exist 1n a portion to be divided include 100 parts by weight
of a rubber-modified styrene-based resin, 4 to 13 parts by
weight of a tlame retardant, and O to 5 parts by weight of a
flame retardant.

In the present mnvention, it 1s preferable that the terpene
solvent be d-limonene. In this case, 1t 1s preferable that at
least one of the styrene-based resin compositions which
exist 1n a portion to be divided be a mixture of a styrene-
based resin and a rubber-like polymer, and it 1s further
preferable that the rubber-like polymer be a particle having,
an average particle diameter of 0.5 to 3.0 um. It 1s particu-
larly preferable that the rubber-like polymer be a polymer
selected from the group consisting of polybutadiene, a
styrene-butadiene copolymer, polyisoprene, a butadiene-
1soprene copolymer, a natural rubber, and an ethylene-
propylene copolymer.

In the present invention, 1t 1s preferred that a capillary
phenomenon be used to supply a terpene solvent to portions
to be bonded.

In the present invention, at least one of portions and of
components to be bonded together 1s provided with a
concave portion, a slit, or a chamiered portion that commu-
nicates with an inlet for injecting the terpene solvent and
forms a flow path for supplying the terpene solvent to sites
to be bonded.

It 1s preferable that the tlow path have a cross sectional
area of 0.01 to 4.0 mm”~.

A remanufacturing method of the present invention pred-
erably includes the step of cleaming surfaces to be bonded
betfore the terpene solvent 1s applied.

The present invention provides are manufactured car-
tridge that 1s remanufactured by using at least one of the
methods of remanufacturing a cartridge described above.

As described above, the invention according to the
present application 1s a method of remanufacturing a car-
tridge that 1s environmentally sound and can be easily
reworked and remanufactured, the method being capable of
providing a remanufactured cartridge with high positioning,
accuracy of components and high rigidity.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a perspective view of a process cartridge
according to an embodiment of the present invention;

FIG. 2 1s a schematic main sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 3 1s a schematic main sectional view of an electro-
photographic 1image-forming apparatus body according to
the embodiment of the present invention;
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FIG. 4 1s a perspective view schematically illustrating
partial construction of the process cartridge according to the
embodiment of the present invention;

FIG. 5 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 6 1s an enlarged view of components of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 7 1s an enlarged view of components of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 8 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 9 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 10 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 11 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 12 1s an enlarged view of components of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 13 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 14 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 15 1s a partial vertical sectional view of the process
cartridge according to the embodiment of the present inven-
tion;

FIG. 16 1s a perspective view of the process cartridge
according to the embodiment of the present invention 1n
which a simple jig for disassembly (screwdriver) has been
set;

FIG. 17 1s a schematic main vertical sectional view of a
resin bonding portion of the process cartridge according to
the embodiment of the present mmvention, which shows a
separating step in a disassembling and remanufacturing
steps thereof;

FIG. 18 1s a schematic main vertical sectional view of the
resin bonding portion of the process cartridge according to
the embodiment of the present mmvention, which shows a
solvent-applying step in the disassembling and remanufac-
turing steps thereof;

FIG. 19 1s a schematic main vertical sectional view of the
resin bonding portion of the process cartridge according to
the embodiment of the present mmvention, which shows a
bonding step 1n the remanufacturing step thereof;

FIG. 20 1s a schematic main vertical sectional view of the
resin bonding portion of the process cartridge according to
the embodiment of the present invention, prior to the injec-
tion of a resin;

FIG. 21 1s a schematic main vertical sectional view of the
resin bonding portion of the process cartridge according to
the embodiment of the present invention into which a resin
has been 1njected;

FIG. 22 1s a perspective view of the process cartridge
according to the embodiment of the present invention 1n
which a simple jig for disassembly (screwdriver) has been
set;
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FIG. 23 1s a perspective view of a conventional process
cartridge; and

FIG. 24 1s a perspective view schematically 1illustrating,
partial construction of the conventional process cartridge.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

Hereinafter, an embodiment of the present invention will
be described 1n detail with reference to drawings.

In the following description, the longitudinal axis of an
image bearing member such as an electrophotographic pho-
tosensitive drum (hereinafter, referred to as a “photosensi-
tive drum™) and the longitudinal axis of a process cartridge
perpendicularly intersect an axis in the direction that con-
veys a recoding medium.

| Description of Process Cartridge and Electrophotographic
Image-Forming Apparatus Body]

FIG. 1 1s a perspective view ol a process cartridge
according to the present invention, FIG. 2 1s a main sectional
view ol the process cartridge according to the present
invention, and FIG. 3 1s a main sectional view of an
clectrophotographic 1mage-forming apparatus (heremafter,
referred to as an “1mage-forming apparatus”) according to
the present invention. One example of the process cartridge
of the present invention shown in those drawings 1is
equipped with an 1image bearing member and process means
acting on the image bearing member. Examples of the
process means are charging means for charging the surface
of the image bearing member, a developing device for
forming toner 1images on the image bearing member, and
cleaning means for eliminating toner that remains on the
surface of the 1image bearing member.

As shown 1n FIG. 2, a process cartridge B 1s composed of:
a photosensitive drum 7; a cleaning unit C composed of a
charging roller 8 as charging means and a cleaning blade 10a
as cleaning means arranged in the surroundings of the
photosensitive drum 7, and a cleaning frame member 13
accommodating them therein; and a developing unmit D
including a developing device composed of a developing
roller 9¢ and a developing blade 94, a developing frame
member 12 accommodating the developing device therein,
and a developer-accommodating frame member (hereinai-
ter, referred to as a “toner frame member”) 11 accommo-
dating toner therein.

The process cartridge B further includes side covers 90
and 91 covering a drive gear line (not shown) and so on, on
the side surfaces of both or either of the developing frame
member 12 and(or) the toner frame member 11 (see FIG. 1).

This process cartridge B 1s mounted on an image-forming,
apparatus body A as shown in FIG. 3 and used for forming
images. A recording medium 2 1s sent out of a paper feed
cassette 3q arranged in the lower part of the image-forming
apparatus by a pickup roller 35 and conveyed by a transport
roller 3c. The recording medium 2 1s subsequently allowed
to stand by 1n a registration roller 3e. In synchronization
with the movement of this recording medium, the photo-
sensitive drum 7 1s selectively exposed to light from an
aligner 1 to form a latent image. Toner accommodated 1n the
toner frame member 11 1s then thin-layered and supported
on the surface of a developing roller 9¢ by means of a
developing blade 9d4. A developing bias 1s applied to the
developing roller 9¢, thereby supplying the toner into the
photosensitive drum 7 according to the latent image to form
a toner 1image. In synchronism with the timing when the
toner 1mage 1s formed on the photosensitive drum 7, the
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recording medium 2 1s sent out of the registration roller 3e
to an opposite portion where a transier roller 4 and the
photosensitive drum 7 are placed opposite from each other.
A bias voltage 1s applied to the transfer roller 4, thereby
transterring the toner image on the photosensitive drum 7
onto the recording medium 2 that has been conveyed.
Following the transfer, the residual toner on the photosen-
sitive drum 7 1s eliminated by the cleaning means 10.
Specifically, while the residual toner on the photosensitive
drum 7 1s scraped ofl by the cleaning blade 104, the toner
that has been scraped ofl 1s scooped by a scooping sheet (not
shown) and collected 1nto a waste toner reservoir 105. The
recording medium 2 onto which the toner 1mage was trans-
ferred 1s conveyed to a fixing device 5 to fix the image. The
recording medium 2 1s then ejected to a delivery tray 6 in the
upper portion of the image-forming apparatus by delivery
rollers 3g, 3/, and 3i.

Next, the construction of coupling means, a power trans-
mission mechanism for transmitting driving force from the

image-forming apparatus body A to the process cartridge B,
will be described.

FIG. 5 1s a vertical sectional view of a coupling portion for
attaching the photosensitive drum 7 to the process cartridge
B. The drawing shows that the photosensitive drum 7 1s
attached to the process cartridge B at one end in the
longitudinal direction thereof via a coupling on the drum
side and a coupling on the cartridge side.

The coupling on the drum side has a coupling convex
shaft 37 (cylindrical shape) provided in a drum flange 36
attached to one end of the photosensitive drum 7. A convex
portion 37a 1s formed 1n the apical surface of the coupling
convex shaft 37. In this embodiment, the drum flange 36 is
molded 1ntegrally with the coupling convex shaft 37 and the
convex portion 37a. It 1s noted that the end surface of the
convex portion 37a 1s parallel to the end surface of the
coupling convex shaft 37. In FIG. 5, the convex portion 37
1s fitted with a concave portion 39a provided 1n a component
nearer a driving force source such as a motor and plays a role
in transmitting the driving force to the photosensitive drum
7. The coupling convex shaft 37 1s fitted with an 1nner
peripheral portion 38561 of a protrusion 38a of a coupling on
the cartridge side 38 which will be described below and
functions as a drum rotation axis. The drum flange 36 is
provided integrally with a helical drum gear 375 that meshes
with a developing roller gear (not shown) fixed coaxially 1n
the developing roller 9¢ 1nside the process cartridge B so that
the drum gear 37b serves as a power transmission CoOmpo-
nent having a function for transmitting driving force.

As shown 1n FIGS. 4 and 5, the coupling on the cartridge
side 38 1s integrally composed of: the protrusion 38a with a
large diameter and a tubular shape; a protrusion 386 having
an outer peripheral portion 38562 with a small diameter that
1s concentric with the protrusion 38a; and a disc portion 38¢
connecting both protrusions together. The direction of the
central axis of both protrusions and the disc portion 1s 1n
agreement with the longitudinal direction of the photosen-
sitive drum. The mnner peripheral portion 38561 of the pro-
trusion 38a 1s fitted with the coupling convex shaft 37 of the
coupling on the drum side as described above and functions
as a bearing for the coupling convex shatt 37. Thus, because
the coupling on the cartridge side 38 functions as a bearing
for the photosensitive drum, the coupling on the cartridge
side 38 1s also referred to as a “drum bearing 38”.
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|[Bonding Between Cleaning Frame Member and Drum
Bearing]

FIG. 4 1s a perspective view specifically showing the
relationship of attachment between the drum bearing 38 and
the cleaning frame member 13. With reference to this
drawing, the attachment of the drum bearing 38 to the
cleaning frame member 13 and the attachment of a unitized
photosensitive drum unit E to the cleaning frame member 13
will concretely be described.

As shown 1n FIG. 4, a side wall 134 of the cleaning frame
member 13 1s provided with an attachment hole 13/ nto
which the outer peripheral portion 3862 of the small-
diameter protrusion 385 of the drum bearing 38 1s 1nserted.
The attachment hole portion has a segment circle portion
1371 composed of opposed space smaller than the diameter
of the attachment hole. This space 1s larger than the diameter
of the coupling convex shaft 37. A positioning pin 13/2
formed and provided integrally in the side wall 134 of the
cleaning frame member 13 1s closely fitted with a hole 38¢1
provided 1n a flange portion 38e of the drum bearing 38.
Moreover, the longitudinal position of the drum bearing 38

and the cleaning frame member 13 1s determined by an
abutment surface (reference) 80.

The above construction allows the unitized photosensitive
drum 7 to be attached to the cleaning frame member 13 1n
the axial direction (1.e., 1 the longitudinal direction) from
the direction that intersects the axial direction and deter-
mines the positional relationship of the drum bearing 38
against the cleaming frame member 13 when the drum
bearing 38 1s attached to the cleaning frame member 13 from
the longitudinal direction.

For attaching the unitized photosensitive drum 7 to the
cleaning frame member 13, as shown 1 FIG. 4, the photo-
sensitive drum 7 1s moved 1n the direction that intersects the
longitudinal direction. The drum gear 375 1s allowed to stay
within the cleaning frame member 13. The coupling convex
shaft 37 1s allowed to pass through the segment circle
portion 13/21 and inserted into the bearing attachment hole
13/. In this state of things, the drum bearing 38 1s moved 1n
the axial direction so that the coupling convex shaft 37 1s
inserted into the bearing portion (protrusion) 385. The drum
bearing 38 1s further moved 1n the axial direction to allow
the bearing portion 385 to be fitted with the bearing attach-
ment hole 13/ of the cleaning frame member 13, which 1s in
turn fastened with screws.

After the unitized photosensitive drum 7 1s fixed 1n the
cleaning frame member 13 by fastening with screws, a
terpene solvent g (which will be described below 1n detail)
1s supplied to the junction between the cleaning frame
member 13 and the drum bearing 38 from a terpene solvent
inlet 38/ Tormed on the drum bearing 38. The terpene solvent
g can be supplied using an 1njector Y such as a dropper. The
supplied solvent passes through a concave portion (slit) 38¢g
provided in the back surface of the drum bearing, which
communicates with the inlet and forms a flow path for
supplying the terpene solvent to surfaces to be bonded. The
solvent then spreads across the junction (see FIGS. 6, 7, and
9).

It 1s preferable to supply the terpene solvent to the
junction by a capillary phenomenon. The concave portion
38¢ of a first flow path from the terpene solvent inlet 38 to
the vicinity of the junction has, preferably, a width o1 0.1 to
2 mm and a depth 01 0.1 to 2 mm. A flow path formed by the
concave portion has, preferably, a cross section of 4 mm® or
smaller. A flow path having a cross section larger than 4 mm”~

8

1s less likely to cause a capillary phenomenon and tends to
have a dithiculty in supplying a terpene solvent to surfaces to

be bonded.
The terpene solvent that was supplied to the vicinity of the

5 junction through the concave portion 38g of the first tlow
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path further spreads to a second flow path Z or a small
concavoconvex portion M as indicated by Z or M 1n FIGS.
10 and 11 and subsequently from the tlow path to the whole
surfaces to be bonded by a capillary phenomenon, and 1s
supplied to the whole surfaces to be bonded (see arrows

indicating tlows 1 FIGS. 7 and 9).

When the terpene solvent that has passed through the first
flow path 1s allowed to spread across the whole surfaces to
be bonded via the second flow path, a large gap between
components to be bonded as indicated by Z 1n FIG. 10 makes
it difficult to supply the terpene solvent to regions to be
bonded e by the use of a capillary phenomenon. On the
contrary, if surfaces to be bonded are strongly pressurized
with respect to each other and the contact strength 1s great,
a capillary phenomenon 1s also less likely to occur and the
supply of the terpene solvent becomes difficult. Thus, i1t 1s
preferred that sites to be bonded are 1n the vicinity of each
other or 1 light contact with each other. In a preferred
embodiment, at least one of surfaces to be bonded 1s
provided with small concavoconvex as indicated by M 1n
FIG. 11 to thereby provide space so that the terpene solvent
spreads across the contacted portions by a capillary phe-
nomenon. Such concavoconvex 1s, for example, a, crimp
whose depth 1s preferably 20 to 40 um on average (Rz). IT
the depth 1s larger than 40 um, the bonding of the valley of
the crimp to the counterpart component is insuilicient.
Therefore, the bonding strength tends to decrease as a
whole.

Moreover, when the terpene solvent i1s used for bonding,
it takes a little time to complete the bonding of two com-
ponents (e.g., when d-limonene 1s used as a solvent, a few
minutes to several dozen minutes are required). Therelore,
fasteming with screws 1s performed iI necessary and, as
shown 1n FIG. 8, a resin bonding portion N (two components
are bonded by injecting a molten resin between them) 1s
provided for bonding. As a result, 1t 1s possible to restrain the
detachment of both components at the junction before two
components are completely bonded by the terpene solvent.

|Bonding Between Toner Frame Member and Side Covers]

Next, the fixation of the toner frame member 11 to the side
covers 90 and 91 coverning the drive gear line (not shown)
and so on and further to a drum-protecting member (drum
shutter member) 18 by resin bonding will be described.

As shown in FIGS. 20, 21, and 22, the toner frame
member 11 and the side cover 90 are provided with resin
bonding portions 11/ and 90e, respectively, for bonding and
fixing each other. As shown 1n FIG. 21, a molten resin 99 is
injected into a gap 98 between the resin bonding portions
90¢ and 11/ shown in FIG. 20 to thereby fix both resin
bonding portions together. The molten resin 99 used 1s,
preferably, any of those having the same material of the
toner frame member 11 and the side cover 90, for example,
HIPS (high impact polystyrene).

[Method of Disassembling and Remanufacturing Process
Cartridge]

A method of disassembling and remanufacturing the
process cartridge B according to the present invention will

be described heremafter. At first, the process cartridge B 1s
separated mnto the cleaning unit C and developing unit D (see

FIG. 1).
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EXAMPLES

Example 1

Method of Disassembling and Remanufacturing

Cleaning Frame Member and Drum Bearing (see
FIG. 16)

After the process cartridge B 1s held, a screw(x) fastening
the drum bearing 38 to the cleaning frame member 13 1s
removed. A simple tool such as a screwdriver F is mserted
into a gap 61 in the vicinity of the junction € bonded by the
terpene solvent. Using the principle of leverage, the simple
tool 1s moved 1n the direction of arrows in FIG. 16 to thereby
break the junction.

The cleaning frame member 13 and the drum bearing 38
are then separated. Any or all of components supported by
cach of them are disassembled and mspected. Any or all of
reuse, replacement, and repair are performed, followed by
rebonding by reapplying a terpene solvent to the separated
surfaces of the junction ¢ bonded by the terpene solvent.

Examples of the terpene solvent used in the rebonding
(welding) described above include d-limonene, 1-limonene,
d1-limonene, d-a-pinene, d-p-pinene, c-terpinene, [3-ter-
pinene, y-terpinene, terpinolene, 2-carene, d-3-carene, 1-3-
carene, and phellandrene. Among them, d-limonene, 1-l1-
monene, or d1-limonene 1s preferably used, with d-limonene
being particularly preferred.

At that time, a capillary phenomenon may be used,
similarly with the assembly of a new process cartridge B.
Because d-limonene has almost the same viscosity of 0.98
cp at 25° C. as that of water, the supply by a capillary
phenomenon involving infiltration mto a small space as
described above can be performed. However, the surface
once utilized for bonding can not be subjected again to the
supply of d-limonene by the use of a capillary phenomenon
due to the roughness or the like of an 1nlet, a slit, and bonded
surfaces. Therefore, on the assumption that recycling would
be performed once, another inlet, slit, and surface to be
bonded are provided 1n advance, as shown 1n FIGS. 12 and
13. In FIGS. 12 and 13, bonding with limonene using a
capillary phenomenon by an inlet 38/ and a slit 38i 1nitially
provided inside 1s carried out. When disassembly and
remanufacture are carried out, the components are separated
by the method as described above, followed by rebonding by
a capillary phenomenon by the use of an 1nlet 38; and a slit
38% provided outside.

The alternative method of disassembly/bonding will be
described with reference to FIGS. 14 and 15. A region 1n the
vicinity ol the junction e 1s cut at the position of, for
example, a break line p of the cleaning frame member 13
with a tool such as an ultrasonic cutter (not shown) to
separate the cleaning frame member 13 and the drum
bearing 38. Rebonding utilizes a new drum bearing (a third
component) 150, but no separated drum bearing 38. It 1s also
preferred 1n this case that a solvent such as d-limonene be
supplied using a capillary phenomenon by a inlet 150q and
a slit 1506 provided 1n the new drum bearing 150.

In addition, d-limonene 1s used as a terpene solvent, and
HIPS (those which mixed styrene polymer with 8% by mass
of a poly butadiene rubber having an average particle
diameter of 0.8 um) 1s used as a cleaning frame member 13
and as a drum bearing 38 in the example 1. HIPS 1s
supplemented with 9 parts by mass of a ethylenebis(pent-
abromobenzene), which 1s a bromine-based flame retardant,
as a first flame retardant, and 2.5 parts by mass of an
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10

antimony trioxide as a second flame retardant, with respect
to 100 parts by mass of styrene resin.

Furthermore, the cleaning frame member 13 and the drum
bearing 38 have flame resistance that meets the UL-94 V2
rank.

Example 2

Method of Disassembling and Remanufacturing
Toner Frame Member and Side Cover

As shown 1n FIG. 22, after the process cartridge 1s held,
a simple tool such as the screwdriver F 1s inserted into a gap
51 1n the vicinity of the resin bonding portion between the
toner frame member 11 and the side cover 90 and moved 1n
the direction of arrows 1n the drawing to thereby break the
junction by the use of the principle of leverage.

The toner frame member 11 and the side cover 90 are then
separated (see FIG. 17). Any one or all of components
supported by each of them are disassembled and 1nspected.
Any one or all of reuse, replacement, repair, and replenish-
ment are performed. Then, d-limonene 88 1s applied to
separated surfaces thereof 81 (see FIG. 18), followed by the
rebonding of the separated surfaces together (see FIG. 19).

Although the toner frame member 11 and the side cover
90 are fixed by resin bonding 1n FIGS. 18 and 22, the same
method of disassembly and remanufacture can also be
performed 1n other fixing means (e.g., ultrasonic welding
and thermal caulking).

Thereatter, the cleaning unit C and the developing unit DD
can be rebonded and used as a recycled cartridge.

The method of producing a recycled cartridge has been
described above. For a new cartridge, however, a terpene
solvent including d-limonene and other solvents may also be
used for separating and rebonding junctions 1n performing
component replacement and assembly readjustment required
due to defects in components such as tlaws and assembly
failures 1n manufacturing processes in factories.

In the present invention, the terpene solvent (e.g., d-li-
monene) described above 1s used in the rebonding (welding)
of two components of a cartridge, directing attention to the
property of the terpene solvent to dissolve styrene-based
resin compositions. Thus, frame members and components
to be bonded should be styrene-based resin compositions.

In the present mmvention, the frame members and the
components to be bonded are not particularly limited as long
as they are styrene-based resin compositions which are
dissolved by terpene solvents. However, the styrene-based
resin composition that can preferably be used as the material
of a cartridge includes HIPS (high impact polystyrene) that
1s a rubber-modified styrene-based material. The present
maternal 1s PS (polystyrene) inexpensive and highly flowable
with which a rubber-like polymer or a rubber-like copolymer
1s mixed for improving impact resistance.

In the present invention, it 1s preferable to use, as HIPS
(high impact polystyrene), any of those mixed with a rubber-
like polymer or a rubber-like copolymer having an average
particle diameter of 0.5 to 3.0 um. This 1s because 1 the
rubber-like polymer or copolymer to be mixed has a smaller
average particle diameter, defects i1n appearance (e.g.,
scratches) are likely to occur at the time of the molding of
the cartridge components described above; whereas if the
rubber-like polymer or copolymer has a larger average
particle diameter, the weldability of a toner seal member (not
shown) tends to be reduced. The rubber-like polymer or
copolymer that 1s preferably used 1s a polymer selected from
the group consisting of polybutadiene, a styrene-butadiene
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copolymer, polyisoprene, a butadiene-1soprene copolymer,
natural rubber, and an ethylene-propylene copolymer.

The materials of the frame members described above are
required to have flame resistance that satisfies the UL-94 V2

12

path flow used 1n an 1nitial bonding to new portions of
the cartridge to be bonded by use of the capillary
phenomenon.

2. A method of remanufacturing a cartridge according to

standard for safety against fire. Theretore, the styrene-based 5 claim 1, wherein said step of dividing the cartridge com-

resin composition 1s supplemented with a bromine-based
flame retardant (e.g., ethylenebis (pentabromobenzene), tet-
rabromobisphenol A derivatives, and polyhalogenated ali-
phatic ether derivatives) as a first flame retardant or a
phosphate-based tlame retardant (e.g., resorcinol bis(diphe-
nyl phosphate), bisphenol A bis(diphenyl phosphate)). Fur-
ther, the addition of a second flame retardant allows reduc-
tion 1n the amount of the first flame retardant added and also
allows the prevention of reduction in the physical properties
ol the styrene-based resin composition as a base polymer.

A concrete example of the second flame retardant that 1s
used 1s antimony trioxide for a bromine-based flame retar-
dant because antimony trioxide 1s most highly effective. For
a phosphate-based flame retardant, a PPE (polyphenylene
cther) resin 1s used 1nstead of the flame retardant to improve
flame resistance.

In addition, d-limonene 1s used as a terpene solvent, and
HIPS (those which mixed styrene polymer with 8% by mass
ol a polybutadiene rubber having an average particle diam-
eter o1 0.8 um) 1s used as a toner frame member and as a side
cover 1n the example 2. HIPS i1s supplemented with 7 parts
by mass of a resorcinol bis (diphenyl phosphate), which 1s
a phosphate-based flame retardant, as a first flame retardant,
and 10 parts by mass of a PPE (polyphenylene ether) resin,
with respect to 100 parts by mass of styrene resin.

Furthermore, the toner frame member and the side cover
have flame resistance that satisfies the UL-94 V2 standard.

The present remanufactured cartridge 1s composed of the
styrene-based resin compositions as described above.

This application claims the right of priority under 335
U.S.C. §119 based on Japanese Patent Application No. JP
2004-1775099 filed Jun. 14, 2004 which 1s hereby incorpo-
rated by reference herein 1n their entirety as 11 fully set forth
herein.

What 1s claimed 1s:

1. A method of remanufacturing a cartridge detachably
mountable i an electrophotographic image-forming appa-
ratus body and composed of styrene-based resin composi-
tions at least 1n part, comprising the steps of:

(1) dividing the cartridge into at least two divided parts;

and

(2) bonding at least one of the divided parts with another

one of the divided parts and/or a component other than
the divided parts by use of a terpene solvent;
wherein, the cartridge 1s divided at a portion which 1s
bonded by supplying the terpene solvent from a pre-
defined flow path to portions of the cartridge to be
bonded by use of a capillary phenomenon, and
wherein the cartridge 1s rebonded by supplying the ter-
pene solvent from another flowpath different from a
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prises the step of dividing the cartridge in a portion com-
prising the styrene-based resin compositions.

3. A method of remanufacturing a cartridge according to
claam 2, wherein at least one of the styrene-based resin
compositions comprises a rubber-modified styrene-based
resin and a tflame retardant.

4. A method of remanufacturing a cartridge according to
claim 1, wherein the terpene solvent comprises d-limonene.

5. A method of remanufacturing cartridge according to
claiam 2, wherein at least one of the styrene-based resin
compositions comprises a mixture of a styrene-based resin
and a rubber-like polymer.

6. A method of remanufacturing a cartridge according to
claim 5, wherein the rubber-like polymer comprises a rub-
ber-like homopolymer.

7. A method of remanufacturing a cartridge according to
claim 6, wherein the rubber-like homopolymer comprises a
polymer selected from the group consisting ol polybutadi-
ene, polyisoprene, and natural rubber.

8. A method of remanufacturing a cartridge according to
claim 5, wherein the rubber-like polymer comprises a rub-
ber-like copolymer.

9. A method of remanufacturing a cartridge according to
claam 8, wherein the rubber-like copolymer comprises a
copolymer selected from the group consisting of a styrene-
butadiene copolymer, a butadiene-1soprene copolymer, and
an ethylene-propylene copolymer.

10. A method of remanufacturing a cartridge according to
claim 5, wherein the rubber-like polymer comprises a par-
ticle having an average particle diameter of 0.5 to 3.0 m.

11. A method of remanufacturing a cartridge according to
claim 1, wherein at least one of parts and of components to
be bonded together 1s provided with one of a concave
portion, a slit, and a chamfered portion which communicates
with an inlet for 1injecting the terpene solvent and forms a

flow path for supplying the terpene solvent to sites to be
bonded.

12. A method of remanufacturing a cartridge according to

claim 11, wherein the flow path has a cross sectional area of
0.01 to 4.0 mm".

13. A method of remanufacturing a cartridge according to
claim 1, further comprising the step of cleaning surfaces to
be bonded betfore the terpene solvent 1s applied.

14. A remanufactured cartridge which 1s remanufactured
by using the method of remanufacturing a cartridge accord-
ing to claim 1.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,366,439 B2 Page 1 of 1
APPLICATION NO. :11/150114

DATED : April 29, 2008

INVENTOR(S) : Osamu Anan et al.

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

COLUMN 3
Line 13, “in-a” should read --1n a--.
Line 47, “are” should read --a--.

COLUMN 6
Line 19, before “Next,” --[Power Transmission Mechanism of Photosensitive Drum]--
should be inserted, and “Next,” should begin a new paragraph.

COLUMN &
Line 25, “small” should read --a small--.
Line 28, “a,” should read --a--.

COLUMN 10

Line 52, “(polystyrene)” should read --(polysterene),-- and “flowable” should read
--flowable,--.

Line 53, “with” should read --and with--.

COLUMN 11
Line 49, “solvent;” should read --solvent,--.

COLUMN 12

14 29

Line 36, “m’ should read --um--.

Signed and Sealed this

Tenth Day of February, 2009

9ok 02

JOHN DOLL
Acting Director of the United States Patent and Trademark Olffice



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

